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AMENDMENTS TO THE CLAIMS 

Please amend the claims as indicated in the following listing of all claims: 

5 1 . (Currently Amended) A high efficiency charge pump, comprising: 

a first clock signal alternately swinging between a first clock high level and a 
first clock low level; 

a second clock signal alternately swinging between a second clock high level and 
a second clock low level, in which the second clock high level and the first clock high 
1 0 level are non-overlapping in time with respect to each other; 

a first capacitor to which the first clock signal is applied; 

a second capacitor to which the second clock signal is applied; 

a first former-stage clock signal alternately swinging between a first former-stage 
clock high level and a first former-stage clock low level; 
15 a second former-stage clock signal alternately swinging between a second 

former-stage clock high level and a second former-stage clock low level, in which the 
second former-stage clock high level and the first former-stage clock high level are 
non-overlapping in time with respect to each other; 

a first former-stage capacitor to which the first former-stage clock signal is 
20 applied; 

a second former-stage capacitor to which the second former-stage clock signal is 
applied; 

a circuit for charging the first former-stage capacitor and the second former-stage 
capacitor; 

25 a first switching circuit for coupling the second former-stage capacitor with the 

* 

first capacitor when turned on, such that an amount of charge is transferred between 
the second former-stage capacitor and the first capacitor; 

a second switching circuit for coupling the first former-stage capacitor with the 
second capacitor when turned on, such that an amount of charge is transferred 
30 between the first former-stage capacitor and the second capacitor; and 

a first reverse current preventing circuit for turning off the first switching circuit 
when the first clock signal is at the first clock high level and the second former-stage 
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clock signal is at the second former-stage clock low level, thereby preventing a first 
steady-state reverse current from flowing through the first switching circuit out of the 
first capacitor, wherein: 

a oocond clock falling odgo of the second clock signal from the second olook high 
5 l e vel to the second olook low level occurs earlier in timo than a s e cond former stago 
clock falling e dge of the second former Dtago olock signal from the second 
former stage olook high l e v e l to tho second former s tage clock low l e v e l, and 

a seoond form e r stage olock rising edge of the second former stag e olook oignal 
from tho s e cond former stage olook low level to tho second former stage olook high 
10 le vel occurs earlier in timo than a second clook rising edge of the second clook signal 
from th e se oond olook low lev e l to the sooond olook high level, 

thereby turning off the first switching oirouit when tho second olock signal and 
th e seoond former s tage olook signal make transitions for pr e venting a first 
transition state reverse curr e nt from flowing through tho first owitohing circuit out of 
15 the first capacitor. 

the first former-stage clock low level is shorter in time than the first clock low 
level and is completely covered in time within the first clock low level, and 

the second clock hig h level is shorter in time than the second former-stage clock 
high level and is comple tely covered in time within the second former-stage clock 
20 high level. 

2. (Original) The high efficiency charge pump according to claim 1, wherein: 

the first reverse current preventing circuit controls the first switching circuit by 
using the second former-stage clock signal through the second former- stage capacitor 
25 for turning off the first switching circuit when the first clock signal is at the first clock 
high level and the second former-stage clock signal is at the second former-stage clock 
low level. 

♦ 

3. (Original) The high efficiency charge pump according to claim 1 , wherein: 

30 the first reverse current preventing circuit controls the first switching circuit by 

using the second clock signal through the second capacitor for turning on the first 
switching circuit when the first clock signal is at the first clock low level and the 

3 
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second clock signal is at the second clock high level. 

4. (Original) The high efficiency charge pump according to claim 1, wherein: 

the first reverse current preventing circuit includes: 
5 a first PMOS transistor controlled by the first clock signal through the first 

capacitor, in which the first PMOS is turned on when the first clock signal is at the 
first clock low level and the second clock signal is at the second clock high level, such 
that the second clock signal controls the first switching circuit through the second 
capacitor, and 

!0 a first NMOS transistor controlled by the first clock signal through the first 

capacitor, in which the first NMOS is turned on when the first clock signal is at the 
first clock high level and the second former-stage clock signal is at the second 
former-stage clock low level, such that the second former-stage clock signal controls 
the first switching circuit through the second former-stage capacitor. 

15 

5. (Original) The high efficiency charge pump according to claim 1, further 
comprising: 

a second reverse current preventing circuit for turning off the second switching 
circuit when the second clock signal is at the second clock high level and the first 
20 former-stage clock signal is at the first former-stage clock low level, thereby 
preventing a second steady-state reverse current from flowing through the second 
switching circuit out of the second capacitor. 

6. (Original) The high efficiency charge pump according to claim 5, wherein: 

25 the second reverse current preventing circuit controls the second switching circuit 

by using the first former-stage clock signal through the first former-stage capacitor for 
turning off the second switching circuit when the second clock signal is at the second 
clock high level and the first former-stage clock signal is at the first former-stage 
clock low level, 

30 

7. (Original) The high efficiency charge pump according to claim 5, wherein: 

the second reverse current preventing circuit controls the second switching circuit 

4 
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by using the first clock signal through the first capacitor for turning on the second 
switching circuit when the second clock signal is at the second clock low level and the 
first clock signal is at the first clock high level. 

5 8, (Original) The high efficiency charge pump according to claim 5, wherein: 
the second reverse current preventing circuit includes: 

a second PMOS transistor controlled by the second clock signal through the 
second capacitor, in which the second PMOS is turned on when the second clock 
signal is at the second clock low level and the first clock signal is at the first clock 
1 0 high level, such that the first clock signal controls the second switching circuit through 
the first capacitor, and 

a second NMOS transistor controlled by the second clock signal through the 
second capacitor, in which the second NMOS is turned on when the second clock 
signal is at the second clock high level and the first former-stage clock signal is at the 
1 5 first former-stage clock low level, such that the first former-stage clock signal controls 
the second switching circuit through the first former-stage capacitor. 

9-10. (Canceled) 

20 11. (Currently Amended) A high efficiency charge pump, comprising: 

a first clock signal alternately swinging between a first clock high level and a 
first clock low level; 

a second clock signal alternately swinging between a second clock high level and 
a second clock low level, in which the second clock high level and the first clock high 
25 level are non-overlapping in time with respect to each other; 

a first capacitor to which the first clock signal is applied; 
a second capacitor to which the second clock signal is applied; 
a first former-stage clock signal alternately swinging between a first former-stage 
clock high level and a first former-stage clock low level; 
30 a second former-stage clock signal alternately swinging between a second 

former-stage clock high level and a second former-stage clock low level, in which the 
second former-stage clock high level and the first former-stage clock high level are 

5 
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non-overlapping in time with respect to each other; 

a first former-stage capacitor to which the first former- stage clock signal is 
applied; 

a second former-stage capacitor to which the second former-stage clock signal is 
5 applied; 

a circuit for charging the first former-stage capacitor and the second former-stage 
capacitor; 

a first switching circuit for coupling the second former-stage capacitor with the 
first capacitor when turned on, such that an amount of charge is transferred between 
1 0 the second former-stage capacitor and the first capacitor; and 

a second switching circuit for coupling the first former-stage capacitor with the 
second capacitor when turned on, such that an amount of charge is transferred 
between the first former-stage capacitor and the second capacitor, wherein: 

a sooond clock falling odgo of th e second clock signal from the s e cond oloolc high 
* 5 level to the oooond clock low lovol ooours e arli e r in time than a second former stage 
olook falling edge of the oooond former stage clock aignal from th e sooond 
fef m e r stage clock high lovol to the second former stag e olook low level, and 

a second form e r stage olook rising odge of tho s e cond former stag o olook aignal 
from the second former stage olook low l e v e l to tho sooond form e r stag e olook high 
20 l e v e l ooours e arli e r in timo than a oocond clock rising e dge of th e s e cond olook signal 
from tho second olook low lovol to tho second clock high lovol, 

th e r e by turning off tho first switching oirouit whon the second clook signal and 
th e second former stago clock signal make transitions for preventing a first 
transition otato reverse current from flowing through the first switching oirouit out of 
25 th e first oapaoitor. 

the first former-stage clock low level is shorter in time than the first clock low 
level and is completely covered in time within the first clock low level, and 

the seco nd clock high level is shorter in time than the second former-stage clock 
high leve l and is completely covered in time within the second former-stage clock 
30 high level. 

12. (Canceled) 

6 
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13. (Original) The high efficiency charge pump according to claim 11, wherein: 

the first switching circuit is controlled by the second clock signal through the 
second capacitor, and 

5 the second switching circuit is controlled by the first clock signal through the 

first capacitor. 

14. (Original) The high efficiency charge pump according to claim 11, wherein: 

the first clock high level is equal to the second clock high level; 
1 0 the first clock low level is equal to the second clock low level; 

the first former-stage clock high level is equal to the second former-stage clock 
high level; and 

the first former-stage clock low level is equal to the second former-stage clock 
low level. 



15 



20 



25 



15. (Original) The high efficiency charge pump according to claim 1 1 , wherein: 

the first switching circuit is an NMOS transistor having a control electrode 
coupled to the second capacitor, a first current electrode coupled to the second 
former-stage capacitor, and a second current electrode coupled to the first capacitor. 

16. (Original) The high efficiency charge pump according to claim 1 1, wherein: 

the second switching circuit is an NMOS transistor having a control electrode 
coupled to the first capacitor, a first current electrode coupled to the first former-stage 
capacitor, and a second current electrode coupled to the second capacitor. 



17. (Currently Amended) A method of converting a voltage with high efficiency, 
comprising steps of: 

applying to a first capacitor a first clock signal alternately swinging between a 
first clock high level and a first clock low level; 
30 applying to a second capacitor a second clock signal alternately swinging 

between a second clock high level and a second clock low level, in which the second 
clock high level and the first clock high level are non-overlapping in time with respect 
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to each other; 

applying to a first former-stage capacitor a first former-stage clock signal 
alternately swinging between a first former-stage clock high level and a first 
former-stage clock low level; 
5 applying to a second former-stage capacitor a second former-stage clock signal 

alternately swinging between a second former-stage clock high level and a second 
former-stage clock low level, in which the second former-stage clock high level and 
the first former-stage clock high level are non-overlapping in time with respect to each 
other; 

10 coupling a first current electrode of a first switching circuit with the second 

former-stage capacitor and coupling a second current electrode of the first switching 
circuit with the first capacitor; 

coupling a first current electrode of a second switching circuit with the first 
former-stage capacitor and coupling a second current electrode of the second 
1 5 switching circuit with the second capacitor; 

charging the first former-stage capacitor and the second former-stage capacitor; 
coupling a control electrode of the first switching circuit with the second current 
electrode of the second switching circuit when the first clock signal is at the first clock 
low level and the second clock signal is at the second clock high level; and 
20 coupling the control electrode of the first switching circuit with the first current 

electrode of the first switching circuit when the first clock signal is at the first clock 
high level and the second former-stage clock signal is at the second former-stage clock 
low level, wherein: 

a s e oond clook falling edge of the Gocond olock signal from tho second clock high 
25 lovol to tho sooond olock low level oocurs earlier in tim e than a second former stag e 
olock falling e dg e of tho second former stage olock aignal from th e s e oond 
former stage olook high level to tho second former stage olook low l e vel, an d 

a second former stag e clock rising odge of tho second former stage olock signal 
from tho sooond former stag e olook low lovol to the s e cond former stage olock high 
30 level oocurs earlier in time than a s e oond clock rising e dgo of tho second clook signal 
from tho second clock low lovol to the second clock high lovol. 

the first former-stage clock low level is shorter in time than the first clock low 
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level and is completely covered in time within the first clock low level, and 

the second clock high level is shorter in time than the second former-stage clock 
high level and is completely covered in time within the second former-stage clock 
high level. 

5 

18. (Original) The method according to claim 17, further comprising steps of: 

coupling a control electrode of the second switching circuit with the second 
current electrode of the first switching circuit when the second clock signal is at the 
second clock low level and the first clock signal is at the first clock high level, and 
10 coupling the control electrode of the second switching circuit with the first 

current electrode of the second switching circuit when the second clock signal is at the 
second clock high level and the first former-stage clock signal is at the first 
former-stage clock low level. 

15 19-20. (Canceled) 
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